Background: All emergency centers in Korea use the Korean Triage and Acuity Scale (KTAS) as their initial triage tool. However, KTAS has been used without verification of its reliability. In this study, we assess the interrater agreement of KTAS by two independent nurses in realtime and analyse the factors which have an effect on the disagreement of KTAS levels. Methods: This study was a prospective observational study conducted with patients who visited an emergency department (ED). Two teams, each composed of two nurses, triaged patients and recorded KTAS level and the main complaint from the list of 167 KTAS complaints, as well as modifiers. Interrater reliability between the two nurses in each team was assessed by weighted-kappa. Pearson's χ 2 test was conducted to determine if there were differences between each nurse's KTAS levels, depending on whether they chose the same complaints and the same modifiers or not.
INTRODUCTION
In Korea, since the early 1990s, studies on the classification of severity and acuity for emergent patients have been performed, and there has been a continuous need for improvement on this topic. In 2012, the Korean Society of Emergency Medicine (KSEM) first developed the hospital-level Korean Triage and Acuity Scale (KTAS), which was based on the Canadian Triage and Acuity Scale (CTAS). 1 CTAS is an excellent triage scale that was developed with an interest in national emergency medical systems not limited to the hospital level but also including the prehospital level. 2 Several countries have applied CTAS for their own national emergency medical systems. 3, 4 Although KTAS is a triage instrument based on CTAS, which has been verified as a valid and reliable scale, 5-7 it should be applied and interpreted differently according to its ethnic, cultural, language, and medical environment features. In Korea, KTAS researchers have tried to reduce mistakes in the simple translation of CTAS by distributing questionnaires and conducting Delphi surveys among emergency specialists during the development of KTAS. 8 Hence, although CTAS's reliability had already been verified, the reliability of KTAS needs to be reverified. To our best knowledge, there are no studies that have analyzed the reliability of the triage tool by independent nurses in real-time or investigated the factors which have an effect on the disagreement between triage nurses.
Reliability between nurses during the triage process is an essential condition of a triage tool; however, KTAS has been used without verification of its reliability. 9 In this study, we assess the interrater agreement of KTAS by two independent nurses and analyze the factors which have an effect on the disagreement of KTAS levels.
METHODS
This study was a prospective observational study conducted from June 15, 2018 to August 24, 2018, with patients who visited an emergency department (ED). Four nurses were enrolled. We created two teams which were composed of two nurses; each team was assigned to the ED at a different time.
Study design
All research nurses had more than three years of experience in the ED and had received KTAS training. When the hospital-affiliated triage nurse performed KTAS triage on actual patients who visited the ED, both research nurses observed the triage process and independently performed a triage using KTAS in real time. Research nurses did not ask patients any question directly to not affect the real ED process. Two research nurses who were grouped as a team independently triaged patients who visited the ED from 08:00 a.m. to 10:00 p.m., including weekends.
Data collection and definition of modifiers
Each team was composed of two nurses, and in total, two teams triaged patients in the ED at different times. Each research nurse recorded KTAS level and the main complaint of the patient, which nurses thought most fit the patient from the list of 167 KTAS complaints, as well as the 1st-or 2nd-order modifiers, which determine the final KTAS level. When research nurses chose the 1st-order modifiers to decide KTAS level, they recorded which modifier they selected from the list of pain, hemorrhagic disease, hemodynamic state, body temperature, respiration, conscious state, and accident mechanism. Second-order modifiers are complaint-specific modifiers regardless of vital signs; in the case of "Burn", percentage of burned area in body surface area (BSA) should be considered to evaluate the patient's severity or acuity. Therefore, as a 2nd-order modifier, "Burn 25% > BSA" is classified as KTAS level 2, "5%-25% of BSA" level 3 and "< 5% of BSA" level 4.
Statistical analysis
To analyze whether the different choice of patient's main complaints and modifiers between research nurses makes a difference in the decision of KTAS level, we divided cases with different levels among the two research nurses into cases with different chosen complaints and cases with the same chosen complaints. When the chosen patient's complaints were the same, cases were further divided according to whether the selected modifiers were the same or different among two research nurses.
Interrater reliability between the two research nurses was assessed by weighted-kappa. Weighted values were 1 in the same level, 0.75 in one level difference and 0.5 in two level difference. Fisher's exact test was conducted to determine if there were differences between each research nurse's KTAS levels, depending on whether they chose the same complaints and the same modifiers or not. Results were considered statistically significant when the significance level was less than 0.05. Statistical analysis was performed using SPSS statistics software, version 18.0 (SPSS Inc., Chicago, IL, USA) and R software, version 3.4.2 (R Project for Statistical Computing, Vienna, Austria).
Ethics statement
This study protocol was reviewed and approved by the Institutional Review Board (IRB) of Hanyang University (IRB No. 2017-11-032). Informed consent was obtained from four research nurses before they were enrolled.
RESULTS

Analysis of interrater agreement for KTAS levels
During the study period, two teams respectively triaged 1,000 and 998 patients who visited the ED. All research nurses performed triages independently in the ED at the same time for the same patient. (10.8% of total levels 3 and 4) patient's KTAS level was inconsistent between the two research nurses ( Table 1 ). There were cases that KTAS level disagreement between two research nurses was level 1 or 2 versus level 4 or 5. These different triage results may affect the course of a patient's treatment priority in an emergency situation. Thirteen cases showed these discrepancies. In seven cases, research nurses selected different complaints from each other; for example, 2 cases of 'severe trauma-penetration vs. laceration', 3 cases of 'cardiogenic chest pain vs. non-cardiogenic chest pain', and each case of 'post-operative complication vs. tooth gum problem' and 'general weakness vs. vertigo'. Although nurses chose the same complaint, six cases showed discrepancies by difference of modifiers. In two cases, each nurse triaged differently by the degree of respiratory distress in 'shortness of breath' and by the estimation of hemodynamic state in 'direct referral for consultation'. In another four cases, both nurses chose 2nd-order modifiers however, they triaged differently by the amount of 'epistaxis', the severity of 'localized swelling/redness' and the acuity of 'visual disturbance' in 2 cases.
Analysis of KTAS levels inconsistency according to complaints selected
We analyzed 1,690 cases excluding 308 cases where either of the two research nurses missed any modifier data. Among these 1,690 cases, 1,462 (86.5%) were triaged at the same level but 228 (13.5%) were not ( Table 2) . Among cases with the same chosen complaints, 1,361 (89.1%) were triaged at the same level, and 166 (10.9%) were not. Among cases with different chosen complaints, 101 (62.0%) were triaged at the same level, and 62 (38.0%) were not. Patients triaged by different chosen complaints showed (38.0%) higher inconsistency rate in KTAS levels than those triaged by the same complaint (10.9%, P < 0.001).
Analysis of inconsistency of KTAS levels according to selected modifiers
Even if two research nurses chose the same complaint, final levels may be different between two nurses when they chose different modifiers. When research nurses chose the same complaint and modifiers, the ratio of different KTAS levels was 8.1% (Table 3) . However, when they chose the same complaint and different modifiers, the ratio of different KTAS levels was 50.5% (P < 0.001). This means that even if nurses selected the same complaint, the level decision can be affected depending on whether they choose the same modifiers or not. In the case of different selected modifiers, the most frequent pair was composed of a 2nd-order modifier and one of 1st-order modifiers ( Table 4) . In fifty-one pairs of total cases, thirty-nine cases (76.5%) included 2nd-order modifiers and the second most frequent modifier was pain, one of 1st-order modifiers, in 25 cases (49.0%). 
DISCUSSION
Several studies have verified the reliability of triage tools. In one study, researchers used paper-based case scenarios or medical records of triage nurses. 7, 11 In another study, authors compared triage levels defined by two independent nurses and the weighted-kappa value was 0.87. 12 However, in this study, they compared triage level of senior nurses with one of junior nurses. Therefore, disagreement between two research nurses cannot but be affected by their experience. To reduce this bias, the present study included two independent nurses with similar ED experience and triaged the same patient in the same place and at the same time with the same information.
Another study related to KTAS reliability compared KTAS levels of triage nurses with that of poly-clinic students. 13 Although poly-clinic students received one-hour training by an emergency physician, their clinical experience was not enough to guarantee the quality of the triage. Therefore, in our study we evaluated KTAS levels defined by two independent experienced nurses which will guarantee a more valid assessment of KTAS reliability.
The weighted-kappa value of KTAS levels in this study showed substantial agreement. Amir et al. 14 performed a meta-analysis study about interrater agreement of CTAS and the range of 5/7 https://jkms.org https://doi.org/10.3346/jkms.2019.34.e189 weighted-kappa values ranged from 0.40 to 0.84. Unlike our study, this meta-analysis research indicated that most reliability studies had used patient-scenarios, not real patients; and the weighted-kappa value of our study is relatively high compared with those of other studies.
Reliability of KTAS
This study was designed to analyze not only the overall agreement between the two nurses but also to assess the effect of factors that caused nurses to triage the same patient differently. According to the algorithm of CTAS-based KTAS, complaints and the modifiers are key factors to decide KTAS levels. Our results confirmed that there were statistically significant differences in KTAS levels created by the inconsistency between complaints or modifiers.
In KTAS, modifiers are composed of 1st-and 2nd-order modifiers. Second-order modifiers are much more complaint specific and can change the initial KTAS level, which is based on the initial 1st-order modifiers, to the higher level. These 2nd-order modifiers are likely to have been determined by expert opinions when triage levels were assigned to each item. Further research and revisions are required to ensure that the same level of 1st-and 2nd-order modifiers have the same degree of severity and acuity.
This study focused on the fact that CTAS is a complaint-oriented triage tool and aimed to confirm that the degree of agreement between levels can be affected by the selected main complaints and modifiers. Based on the results of this study, it should be emphasized in KTAS education courses that triage nurse's choice of more proper complaint and modifier is important to decide the most proper KTAS level. In addition, some factors of the KTAS, like mismatch between 1st-and 2nd-order modifiers, should be corrected by further research.
This study has some limitations. First, we did not design a study where research nurses recorded the patient number and linked to the electrical medical record of the hospital. The research nurses were positioned behind the patient on each side where they could not see the monitor of triage nurse to assess the patient number. As a result, the emergent care process of patients was not available to be analyzed. Second, the research nurses did not have enough time to record all the items because they were not allowed to skip any patients to eliminate selection bias. Further research with a different study design should include the result of emergent care and the reason why nurses choose any particular complaint and modifier. Third, each research nurse triaged patients only with the information gathered by the triage nurse. It could not reflect difference in the examination method between two research nurses. The results of this study might have been different if each research nurse was able to obtain the information respectively from the patient. If research nurses asked their own questions, we may have been able to get more realistic results.
This study showed that KTAS is a reliable tool. Selected complaints and modifiers were confirmed as important factors; therefore, selecting them properly should be emphasized during KTAS training course. Concerning the revision of KTAS, the list of complaints and guidelines for using modifiers to improve the reliability of KTAS should be verified. We expect that further studies of complaints and modifiers in KTAS will contribute to improve its reliability.
